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~ The qucén conch (Strombus gigas) constitufes a stall-scala; shallow-water fishsries ™ .

throughour the Caribbean zvogeographic province. Many of these fisheries have been
closed or restricted because of severe overfishing. This study was designed to deter-
“mine stock abundance in Florida watess, whers queen conch are protected, and to
" monitot stock recovery, The study ares constitied approzimarely 2.4 X 10° hestares,
sitending over 200 km from Vicginia Key to Boca Grande Key, snd front the near

shore intertidal to 20-m depths approximately 10km offshors. It was subdivided ipto . - !
11 cqual areas, surveyed photomeirically, ant mapped by bottom habitat type. Bach - ¢
habitar was sampled in proportios to its coverage on eaclt map. A sumpling program - -
stratified by season, map, and habitat was devised, Transects were surveyed by towing |

iwo divers behind a boat simultancously For 30min. They counted all conch withina . -~

ewath 6 m wide and approsimately 2 km long. During the 13-scason study period, 1121
transeets were completed, covering 1423 hectares. Conch densities varied greatly
BEmODRg transects, because of the spatial heterogencity of this mobile animal, cansing
high variances and non-paramesric distribution of the data. Seagonal average density
of adults varied from 0.04 10 1.1 conchiha (average 0.3). A comparison of density

values for Season 1 and Season 13 showed no statisticully significant change in the -
density of total conch or of adules, although aclt conch sppear to have aggregatedin

the rect habitat. Based on overall average density for Season 13, we estinzate there arc

only 2 % 10° adults in the Florida Keys. Therefore, it is not appropriate to drop the

protected status of coneh at this time.
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Introduction

The queen conch (Strombus gigas) is distributed
throughout the shallow waters of the Caribbesn, Flor-
ida, 20d the Bahamas, and in areas as far north ns
Bermuda. A short-lived planktonic larval stage is fol-

lowed by a juvenile interval typically lasting three years -

(Berg and Olsen, 1989), although shorteér durations for
isolated aggregations bave been reporied (Alcolado,
1976; Glazer and Berg, 1992). Scxual maturity is charac-
terized by the cessation of prowth and the formation of
the familiar flared-lip. '

Conch have been fished historically for both the meat
and the shell trade, With the advent of freezer ships and
air cargoe, exiensive import markets developed in the

United States of America znd elsewhere. To mect

cxport deraands, collecting in ever-deeper waters
cccumed throughout the region, severely depleting
natural populations (Berg and Olsen, 1989).
Manzgement measures and the demise of sumerous
island conch fisheries have been documented Tepeatedly
(Brownell and Stevely, 1981; Wells eral. , 1983; Berg und
Olsen, 1939). The most effective wiy of protecting the
species and allowing the population to recover appears
10 be & totul ban on all collecting of live queen conch
{Munoz ¢f al., 1987). ln Florida, the recreational and
commercial fishery was closed in Jur 2 1983, when conch
became protected by Chapter 46-16 of the Florida Ad-
ministeative Code. The re-opening of the fishery for

~ queen conich in Florida is dependen’ upon the prescnce
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Figare 1. Location of stock assessment and stock monitering serveys, Vcrgiéai lines Toprescat areas surveyed during stock
assessment and Season 13, Horizonal lines represent locations surveyed during the stock mon;tating program and Season 13,
Cross hatched areas were surveyed throughout the study. Lo i ]

of sufficient numbers of aniﬁaais to maintain 3 sustair{-
able vield. : : o
In 1987 the Florida Department of Environmental

Bahamas ($mith and van Nierop, 1984}, In addition, a
tcsearch program was devised to monitor changes

- abundance and distribution in order to develop a fish-
eries management plan if the population recoversd

sufficiently. f

For management purposes, queen conch in Florida
walers were considered to be a single fisheries stock.
Electropharetic analysis of conchs from aggregations
distributed over the length of the Florida Keys indicated
that they belonged to a single senetic stock (Campton et
al.;1992), but whether itis a closed, self-sustaining stock
Or receives recruits from the Caribbean via the Jarval
planktonic stage has not becn determined. Extensive
genc flow has been described for this species (Mitton er
al,, 1989), so recruitment from other areas ang the re-
building of the Flaridz stock was expected,

(CES mur. $ci. Symp., 199,1095)

- Sto:.fkfasséss_r:nent
Protection initiated a program to determine the distri~ |
bution and abundance of conch in Florida's waters (Berg !
and Glazer, 1991). Similar studies were completed in the
Virzin Islands (Wood and Olsen, 1983) and the |

I Florida, quicen conch ar: found almost exclusively jn
the shallow waters of the Florida Keys. Qur study area
extended from Virginia Ke» (25%5'N, §0°10'W), south-

‘west 10 Boca Grande Koy (24°26'N, 82°00'W) (Fig. 1).
‘The fotal survéy area constizuted approximarely 241 700
hecteres, Because the entir: area could not he surveyed

or monitored continually, a stratified sampling program
was devised. First, samplir g was divided into the four

* calendar seasons (spring, summer, fall, and winter) to

account for s¢asonal migratory behavior and burying of
conch (Randal, 1964; Hess», 1979: Weil and Laughlin,
1984; Coulstont ef al., 1987; Stoner ef of,, 1988; Stoner,
1989). A cne-vear sampling program began in spring
1987 and continued dor fcur seasons through winter
1983. A follow-up prograry was completed in spring
1990, E

Second, sampling of the atea oceanside from Virginia
Key to Key West was divided into 10 survey maps
according to ‘Marszalek’s (1981) maps of the marine
habitats and ecosystems of the Florida Reef Tract.
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These maps were updau.d and corrected usmg morc P

recent aerial photographs and were digitized by Fiorica
Dcpartment of Environmental Protectmns xemon:—f
sensing laboratory One additional survey rlap was
drafted from navigational charts i‘or the area extending
from Key West to Boca' Grande Key. huz no habuax

designations were available,

+'Third, sampling on gach survey map wis d:wded mto I
fourmam marine habitats (zeef, bedrack, sediment, and .
* - ‘seagrass) by Marszalek (1981). A Aifth habitat; “blug- |
. was added which encompassed those aress in -

water"’
<20m of water that lacked’ habitat desipnations on
Marszalek's maps. The number of hectares covered by

each hebitat and the percentage of coverage of eacli . |
were determined from the corrected maps. A total of 10 _

survey transects were scheduled per sedvon for each of
the 11 survey maps. The number of transects ullocated to

each of the five habitats was proportional to its relative
coverage on each map, with each h‘lbltat surveyed at .

Ieast once.

Each map was dmc{md ino 2 gnd based on a 30-sec
coordinates of latitude and longitude that were cach
nurnbered sequentially. Two random numbers provided -

by x and y coordinates for cach transect. These nuimbers
weré chosen using the STATGRAPHICS 2.6 program for
unjformly distributed random number generation
(8TSC, Inc., 1986). Grid positions were translated into

uctual field iocations using sightings of landmarks, watér -
depth, bottom habitatr, and LORAN coordinates. Tran-

sects originated in the area designated on the grid and
proceeded in the direction that would maintain safe
wosking conditions and keep the transect over (he
chosen habitat. In sampling vach transect, two SCUBA
divers were towed behind a boat for 30 min at approxi-
mately 60 m/min. Using a dive sled, they maintained a
distance approzimately 1.5 m above the bottom so that
cach was able to visually sean a strip 3m wide. Wider
transect widths were discounted because of fluctuating
water turbidity within individual transects and becanse

trial transects at the onsct of the study indicated that all.

conch in a 3-m swath could be counted reliably. In
excessively turbid waters the width of the strip was
reduced. The length of the strp varied according to the
distance coverad during the 30-min recording period and
was caiculated from latitude and longitude paositions
obtained using a Raynav-350 Loran C Navigator apd the
Maririe Navigation Program of a Texas Instmments Ti
59 calculator.

Ench diver counted the numbsar of Juvenile and adult
S. gigas ovcurring within his strip. Aduits were defined
as those animals having a Rared shell-lip. Counis of

animals were recorded on the dive sleds at 10-min inter-

vais and transcribed onto data shests at the end of each
tow. Qbservations of both divers were combined into !
single transeci record. All data were eitered into a
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included cm[y areas covered by Mz rszalek Maps 3, g,

and 9 (Fig. 1). These: areas were chosen to represent the
ontire region for the: follow:ng reasons: (1) they were
Tocated in the upper, mxdd{e, and 1awer Florida Keys,

respectively; these areqs differ in tt ¢ amount of water
flowing over them from Flotida Bay. and so have differ-
ent community structutes (Jaap, 1984; Shinn, 1939) {2)
their vatues £or mean conehvha from he first year's stock
assessment program ranked them in the middle {ath,

6th, and 7th when ranked from lowest values) of the 1]
survey maps {Table 1): and (3) they were easy areas to
work. A total of 25 trénsects wers scheduled for each
map per season, mstead of the 10 vansects used in the
stock assesstient program. T he arza covered by the
survey was expanded to include up tc 1.6 ke into Florida
Bay and the channels hetween the islands (Fig. 1). This
area was designated ag B ay” habita: and the number of
transests over each of the six habitats was recalculated to
he propormmal fo the: percentage ¢l coverage by each
habitat type. Duts werc analyzed as io the stock assess-
ment program. R

Results

A total of 424 transects were comple ted from 16 March
1987 to 6 April 1988, écs:gnuted as the 1987 sampling
ycar. Not all’ maps were surveyed equally (Table 1)
because of unﬁavorabl-* weather and sea conditions,

_ Total area surveyed was 544 ha, comprising 0,23% of the

total arez. Using data stratfied b map, the overail
average demsity of conch was 2.4 conch/ha {Table 1).

Using data stratified by season, the average density of
conch was also 2.4 conclvha (Table 2. Fig. 2), mainly dae
10 & single transect over a herd of juveniles where the
densny was 610 conch/ha. This value introduced a large

- variance into’ the stafistical apalyses. Density of adult

conch did ot increase; mean densi: .y for the year was
only 04’7 adu[t conchfha (Tab]e 2). Kruskal-Wallis

3@5 289 2334

-esnndtcs of pupu‘atzéh density wers dcnved follo\mng' SR N
'Johnson (1989} :



MAY-21-2007 12186
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.vcragé density {conch/ha), standard deviztion
Range it from { to maximum density obseeved.
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Figure 2. Average density {conch/ha) of adalt conch, juvenile cunck, and totd

)

fl conch in th: Florida Keys, Quarter-year

designations correspond to Seasors T ta 19 of Table 1, sarting with Seazen 1inthe second guarter ¢ 1987 and continuing Lo Season

13t the sccond quarter of 1990,
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. Figure 3. Annual average density (vonch/ba) of acult conch, juvenile conch and total conch in the Florida Keays based on

somparable data from Maps, 3. 6, and 9 oply,

analyses indicated no statisticeily significant dif;fcrcncésé
in conch density cither spatiaily, seasonally, or by

habitat,

“Totul abundance was caleujated from the first year‘ﬁ’

data in three ways. First, by using the sum of the average

vajues of conch/ba caleulated for gach map multipliad by
the toval areu of ocean bottam <20 m depth of thar map’

(567643 conchs), Second, by using the sum of the aver-

age value of conch/ha ealenlated for each habitat multi-:

plied by the area of sach habitat across Maps 1 (o 10,
abundance for those maps was estimarad (o be 422 048
conchs. Map 11 was excluded in this estimare beeause no
habitat designations were availabls, Overal] toral abun-
dance was 461298 conchs, which represents a 9,3%
increase to account for the arsa of Map 11. Third, by
using the sum of the average value of conch/ha cajcu-
lated for each season multiplied by the total area of the
study region, and the sum divided by four, overall esti:

mated abundange was 585757 eonchs. Because adults’
constituted 17.7% of the observed animals, we csti-

mated their total abupdance to be 103 679 conchs.
During the second and third years of the stusdy (Sea-

sons 5 10 12, Table 2) the stock monitorfag program

focused an Maps 3, 6, and 9 only. Bectuse more trane
- Sects were surveyed on ¢ach map than in the previous
. year, percent coverage doudled, to 0.46% in the 1988
- sampling year and 0-4% in 1989, During those two
* yearsthere wasino sigoifican' change in the mean density
of total conch per seagon, adult conch per season, or

juvenile conch per season (Table 2, Fig. 2). In order to

_ compare the 1987 stock assessment data with the 1988
- and 1989 stock monitoring data, we used only Maps 3, 6,
- and 9 from the 1987 data and we delsted data from the

Bay habitat that we survey2d only in the later years.
Although: Wieré appesrs to be a trend of decreasing
density (Fig. 3). Kriwskal-V/allis unalysis of the data
shows no significant differsnce smong years. Adult
density, in particular, did no: change,

In Seagon 13 (Spring of 19:0) both a Map 1 to 11 and a

Map 3, 6, 9 sampling prcgram were completed to

provide stock asscssment dé ta using methods idegtical

10 those used in Season 1 (‘Table 3). When values for

Season 1 and Sgason 13 were: sorted by habitat (Maps 1

‘1910 only) and E:ompared using the Mann-Whitney two-

tailed test for probabilities of difference, there was no
significant diffézence betwsen the seasons in rotal

| SSee9 234 POT
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Table 3. Campsnwn of Strombwgzgm‘ abundanca between Scmun 1 and Seawn Bfwnh_ 414 51 sz

. 253.:. _-:

lﬁﬂd b\' hnb:tai Data frcrm IGO
1-hab1! at:

¢ lowain Maps lie 10 durm,g each SE50D. - Tota) valucs based on entire dita ser

| Seasonl ! N
3 Area. SR Ahundaucc : bundsnce
Habitat - ‘sampled ;:De_nsi_ngf-;_ (xwl): o {%10%)°
‘Rect e,
* "Bedrock . cocdldy ',f
Sediment 288 '
¢ Seagrass . 0 S04
. Bluewater 1103
Total " 1143
JUVBNILES -
Reef | 116 0.12 -
Bedrock 11.4 - 0.87
Sediment 28.8 L 034
‘Seaprass 50,8 0.25 -
Bluewater 103 .30 . -
Tats] 1143 0.33
TOTAL :
Reof - 1.6 0.12
Bedrock 114 1.25
Sediment 28.3 0.41 broo :
Seagrass 30.8 .36 . S -
Blugwarer 10.3 0.5% 13 P =120 0.17 0.6
Tonal - 1143 0.46 LT 374.8

s 1w

~ density of conch (n = ny = 100, 2% ~0.27,p = 0.79), or
density of adult conch (n; = n, = 100,z = 1.75, p =~
0.08),: but density of juvenife conch was significantly
different (0, = n; = 100, 2 = 2,38, p = 0.02).
Kruskal-Wallis tests showed no significant differences
among habitats for the pooled data. Pair-wise com--
parisons of Season 1 and Season 13 for each habitat using
the Mann-Whitney two-tailed test showed significant
increase in total density (n; = mp =11,z =222, p =
(.03, Fig. 4) and density of adults (8 = mp = 11, 2= 2.4,
p = 0.02, Fig. 4) in the reef habitat. but no significant
differences in those groups in any of the other habitats.
There was asignificant (ny = 43,0y =42, 2= =2,91,p =
0.004) difference in density of juveniles in the Se‘:grass
babitat (Fig. 4), but no significant differences in the
other habitats,

When data for Season 1 and Season 13 are sortad by .
map (Maps 1 to 11) and compared using the Mann-
Whitney two-tailed test, there was no significant differ-
ence between the seasons in total density of conch (o, =
Ry = 110, 7 = ~0.44, p = 0.66), or density of adults (n, =
1wz = 110, 2 = 1.73, p = (.08), but density of juveniles

*juvenile congh {u

was agam s:gmﬁcanti g cﬁffe:em (11 =m =110,z =

T=2.53, p = 0.00). Us‘mg Kru,kal—\ 7allis analyses, thore

were s:gruﬂcant dszermces among maps for toial conch
density (n =220, H= = 25. 64 p =0.004) and density of
=290, H = 20.33, p = 0.03), but not
for -density of adult’ ¢hnch: (n = 2’0 H=1654,p=
0.09). Pairwise compaﬂsons of Sezson 1 and Season 13
for each map using - thc Mann-Whitney two-tailed test
showed a mgniﬁcant increase in tot.d density of conch in

‘Map7(m =m =10, A= 1.96, p = 0.05, Fig. 5) but only

two, other comparisons approachad statistical signifi-
cance, density of adults on-Map 5 (m = my =10, Z =
1.76, p = 0.0%, Fig. 3 and density ¢f juveniles on Map 8
(n;-nz—lﬁ Z = -1.68,p = 0.00,Fig. 5).
Abundance was estimated for 8cason 13 (Table 3) by
using the stratified data. Firet, the sum of the average

total density for cach map wes mul iplicd by the area of

that map, which prodiced atotal 0y 344 679 animajs and
a subtotal of 192285 adults. Seccnd, the sum of the

 average density for each habitat was multipfied by the

area of that habitat, whlch gave 2 toral abundance of
’-174 837 ami an abundame of ¢ dults 3t 200 583 for Maps 1
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F:gurc 4 A comparison between Season 1 ad Scason 13 of aVera ge dens:[y (mnch;ha) of adult cc.nch, juvenile coneh, and rats]

conch in each of the major habitats.

t0 10. These numbers were mcreased by 9.3% for Mapj
11, to become 409 697 and 219237, tespectively. Third,’
the overall average density for Season 23 (Maps 1 to 11)§
of 1.34 conch/ha was multiplied by total area, for a valug’
of 372 474 conchs. The catculated abundance of adults at’
amean density of 0.82 conch/ba is 199 319 adult conchs, -

In order to improva the accuracy of our estimates of
total abundance and assess the changes that have’

occurred during the past 13 seasons, the cmpirical Bayes
approach was applied to the estimates of conch density.

“The B‘aycmn method js dists bution-free and calculates
- values based upon a prior dist sibution. Using the empiri-

cal Bayes approach, each coriponent value (1 e, sampie

cmean) s taleuldted by treatiag all other pnor and sub-
‘seiquent components &5 ele nents of the prior distri-
- bution (Maritz and Lwin, 19} 9) In practice, the sample
‘values vary around a charactsristic average value with,

‘in many CasEs, ‘s concarren: decrease in sample vari-
ances, L

Fo: total com,h from Seaion 1 1o Season 13 overall

" 2p5 289 2334
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Figure 5. A comparison betweon Season 1 and Season 13 of average detsity (conchyha) of adult conch, ju /enile coack, znd total
conch in each of the eleven mapa covering the Floridn Keys, Exceprionally high valies on Map 5 werz caused by e single iransect,

average density was catculated as 1.71 conch/ha and for .
adult conch it was 0.35 conch/he, Empirical Bayes pro-
jections with 93% confidenee intervals conftrm that relas
tively little change in density bas occurred over the past
13 seasons (Fig. 6) and corroborates the finding of no
significant differénce in totz) population abundance or
abundance of adults between Season 1 and Sesson 13.

Discussion

1t is extremely difficult to assess a stock that is sparsely
distributed over >200km of cozstline and that is also

MAP

6 7 8 9o 10 1

¢  Season 13

highly aggregated in ils disteibution. Although 1423 ha
were surveyed in 1211 transects, which is 2 large sample
size in comparison with most surve; werk, (.5, Wood
and Olsen, 1983; Smith and van Nierop, 1984; Torres
Rosado, 1987; Berg et al., 1992a), that total is only 0.6%
of the zotal area. Mozt transects conzined zero animals,
but a very few contained Iarge numt ers. This produces a

‘skewed or non-normal distributicn of values, which

makes it difficult to intérpret t1e dat 1. This difficulty was
patticularly evident ii the comparison of densities of
juveniles for Season 1 and for3ease 13. Mann-Whitney
analysis of ranked values shovred th atvalues for the two

3685 288 2334
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Table 4. Average dansmes sf Strombus gigas 85 dctermmer.i by
¢xiensive surveys using towed divers. _

Location Conch/fia Re!erencé_‘
Babamas SRR

Litfle Babama Bank - -~ 28.50 . (y o

Great Buhemn Bank 20.79 (1)
US Virgin Ielands * SR Co

5t Thomas and St Johns %70 ¢}

St Croix L7680 . (2}
Puerto Rico DR (3)
Florida Keys : i _

Season 1-4 240 4

Season 13 T 154 sy
Bermuds . 0.52 & -

2.94 H

Referances: {1y Smith and van Nmmp (1984). (2) Wood aad -

Olsen (3983), (3) Torres Rosado (1987). (4) Berg eral, (1992a).
(3) This stady. (6} Berg ez al, (1992b). (7) Berg er al. (1992¢). .

seasons differed significantly; the sum of ranked valucs
for Season 13 was lowest, sugpesting & decrease i in the
population. The median vatue for each season was zero:

however, mean denslty fcr Season 1 was 0,33 % 0,71
“conclha, and for Season 13:t was 0.79 3 6,24 conch/ha.
- Because of a high deuisity (62.23 conch/ha) of animals on
- justone transéct dunng Seacon 13, the mean valug was
‘high and the variance was large for that season, Nor-
':'parametnc tests were. most approprate for dis-
‘ 3tmgmshing d:f‘erenm amo 1g samples, but they were
- ‘not- appropriste for desc 1ptxve statistics, because
- - median conch dansity Was ze ro in most cases,

Baszd on the!stock raomituring transest dats, empiri-

- cal Bayss projections, &nd th : comparison of densities of

conch in §easor 1 and Seaso 113, there does not appear
1o haye been a marked inc-ease in the abundance of

‘conch over the: study perioc (1987 to 1990). There s,
‘however, a stat'stically signi ficant increase in the total

density of conch and the de ity of adult conch in the
reef hubitat alone. This corr2sponds with casual obser-
“vations of local divers and fi: hermen. The increase may
be catised by conchs uggrey ating at offshore sites for
bréeding (Berg et al., 1992¢), although juvenile conch

were abundsntat some ree{ habitats. Juvenile conch

3@5 289 2334

P_;ii T
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appeared to decrease n all o:her habltats perhap

| ment failure, illegat collecting, habliar degradation, &
. mess dic-offs due to extreme’ Iemparature‘: in shaliow

prlmg of animals into the adult size class. Coneh are

* animals a¢ accumulating in the adul sizc class.

the Fiorida Keys; even if the catch was Jimited to one

oonch/pcrson/da\y, the estimated 1.5 million tourists that .
visit annually (White, 1989) would quickly deplete thie

population. Also, commercial fishezmen could easily
vollect 500 conch/dey from the spotty but dense aggre-
gations. By aggregating, conch zre vilnerabls to over-
fishing and the resource has the potential of being
quickly depleted again. Therefore, it does not appear
appropriate t0 drop the pmtected stama of conch at this
nme
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